Abstract: Research on occupational accidents on construction sites in Turkey is very few. Moreover, research on motor vehicle and equipment accidents also do not exist. Investigation in the scope of this study shows that after falls and contact with electricity, accidents involving heavy equipment and motor vehicles rank third and fourth, respectively. This study aims to reveal the characteristics of these types of accidents, deduct the prominent causes that lead to fatalities as well as permanent disabilities using the present data. With the aid of obtained results, recommendations are made for safety experts on how to derive data from insufficient sources in Turkey and to evaluate these data for prevention and mitigation of the risks that construction workers are exposed to. 168 fatal and 38 non-fatal traffic accident-caused incidents as well as 206 fatal and 97 non-fatal construction equipment accidents, which were selected from official statistics and expert reports, were taken into consideration. Analysis and classification of these accidents were done according to the way they happened, the type of construction site and the occupation of the victims. Moreover, the leading causes of fatal and non-fatal injuries, to which drivers, operators and co-operators are exposed, are presented. Critical findings concerning prominent ways of occurrence, type of construction work and occupation are presented; and a number of measures for reducing the present risks are suggested. Some approaches for analysing relevant data are proposed for further research.
Introduction
In Turkey, many construction projects are realized by small or middle scaled companies; and, in practice, these companies do not give adequate importance to occupational safety. Consequently, compared with the western countries, the number of fatal injuries and incidence rates are high. In Turkey, occupational accidents and deaths are the most important health problems for workers 1) . Approximately 72,000 occupational accidents occur each year, and approximately 1,000 of these cases end with deaths. In addition to this, about 90% of occupational accidents result in temporary disability, whilst 2.5-3.5% results in permanent disability 2) . In Table 1 , it can be seen that between years 1992 and 2002, the average incidence rate of fatal injuries is 56.4 per 100,000 workers. This figure is twice the average of whole industries. Table 1 also presents total incidence rates and incidence rates of permanent disability cases within the mentioned period. It is interesting that for average values of the incidence rate of permanent disability cases, the construction industry and all industries have nearly equal figures. This fact requires attention, because in developing countries, the tendency is to report only the fatal occupational accidents 3) . This is also true for Turkey; in which, many occupational accidents are not reported and only more severe injuries requiring medical intervention are 4) . The authors argue that, not only figures for fatal cases but also figures for permanent disability cases or cases that have lower severity have to be higher than reported, regarding the tendency to report only fatal accidents.
The analyses of occupational fatalities in construction have focused on general causes [5] [6] [7] [8] [9] [10] [11] [12] , specific external causes, for example machinery 13) , trench cave-ins 14) , hand tools 15) , falls [16] [17] [18] , electrocutions 19, 20) and specific occupations, such as labourers 21, 22) , painters 23) and only focused on pedestrian fatalities 24) . Although occupational injuries caused by motor vehicles have been researched including cost of casualties 25) and focused on roadway construction work zones 26) , detailed research in construction industry are few 27) . In Turkey also detailed investigation on construction equipment-related accidents and traffic accidents on construction sites may be regarded as an untouched field of research. However, researchers have begun to focus on the industry and the classification of the accidents 2, 28) .
According to Turkish legislation, traffic accidents and mobile construction equipment related accidents on construction sites are accepted as occupational accidents. However, when the way of occurrence is taken into consideration, it can be stated that they mostly share similar characteristics with ordinary traffic accidents. Moreover, construction equipment accidents also include immobile construction equipments such as cranes. This study points out the frequency and characteristics of traffic accidents and construction equipment related incidents on construction sites by analysing a total of 509 fatal and nonfatal cases derived from the official archives and expert witness reports, which were submitted to labour and criminal courts. The aim of this study is to reveal the characteristics of the types of accidents, deduct the prominent causes that lead to fatalities as well as permanent disabilities using the present data. The authors argue that, detailed analysis based on the way of occurrence, type of construction site, and type of occupation will indicate the leading causes and hazardous conditions for the construction workers, especially drivers, operators and cooperators. Moreover, it is expected that the analysis will serve as a guide for the improvement of safety practices in the Turkish construction industry.
Materials and Methods
In the scope of this study, about 40,000 occupational accidents from official archives and expert witness reports, which were submitted to the labour and criminal courts, have been investigated. A total of 5,289 fatal and non-fatal injuries that occurred on construction sites are focused upon. 4,347 of the investigated accidents, which have occurred in various regions of Turkey between 1969 and 1999, are taken from the official archives. The first attempt to classify the construction injuries in Turkish construction industry was made in 1993 29) . After this study, the Social Insurance Institution (SII) General Directory archives were regularly visited and insurance claim records for construction injuries were separated. The analysis of all these records has started to facilitate a better understanding of the nature of safety in the Turkish construction industry. The main causes of injuries with subgroups, the way of occurrences, the type of work at the time accidents occur, etc. are clearly exposed 30) . The main documents included in the SII archives come from the criminal and labour courts. In addition to the 4,347 files, 892 expert witness reports, which were submitted to criminal and labour courts, are examined thoroughly. Judges of the criminal and labour courts demand expert witness for most of the occupational accident cases. To reach an exact verdict, along with the 376 GE GÜRCANLI et al. If the scope is narrowed down to only traffic accidents and construction equipment cases on construction sites, the total number of fatal and non-fatal accidents is reduced to a number of 509. Analysis and classification of these accidents are done according to the way of occurrence, the type of construction site and the type of occupation. Additionally, classification for three occupations, namely drivers, operators and co-operators, primarily exposed to these types of accidents help in understanding the leading hazards in the construction process related with motor vehicles, construction equipment and other types of (immobile) equipment. Narrative texts by witnesses or hospital reports, however, are not sufficient to comment on all cases; and in some files, there are no investigation records or photos. Each narrative record typically consists of a brief description of the event leading to the injury, although this is not always the case. Where the narrative description was omitted, inconclusive or completely unclear, the event cause was coded as "other or unknown cause"; otherwise each narrative was analyzed and classified into one of the 12 way-of-occurrence categories. However, from the overall picture of the records, it is possible to derive conclusions to explain the immediate and contributing causes of the traffic accidents on site.
It is important to define the terms "traffic accident on site" and "construction equipment accident" precisely; otherwise, accident classification procedure can produce unrealistic results. The term "traffic accidents on construction sites" refers to accidents that occur within the boundaries of or in close proximity to the site and that show specific characteristics of ordinary traffic accidents. However, it is difficult to define the boundaries of construction sites, especially if the construction work is carried out along a line such as a highway, railway or channel. For these types of sites, it is assumed that traffic accidents have occurred in the working and movement areas or in areas that are in close proximity to moving traffic. Additionally, accidents caused by construction equipment are classified as another group, but incidents caused by trucks are included in the main group of traffic accidents on site. To minimize the risk of misleading the reader by overgeneralizing, it may be informative to describe the specific examples of situations leading to construction equipment accidents. If the definition of construction equipment accidents is expanded, it will include: (1) Crushed/run-over of non-operator by operating construction equipment, that is, non-operator run-over or crushed between equipment and ground or another object by an operator-controlled piece of construction equipment. For example, a labourer guiding construction equipment while backing up, a grade checker or a labourer performing site clean-up in proximity of excavating machinery is run over after getting out of the line-of-sight of an operator, (2) Crushed/run-over/trapped of operator by operating construction equipment, that includes rollover and catching of body in equipment or between equipment and ground or other object while operating the equipment. Mobile construction equipment, such as dozers and fork lifts, goes over an embankment and rolls over or rolls over when encountering uneven terrain, resulting in the crushing of the operator, (3) Crushed/run-over by construction equipment during maintenance/modification, that includes equipment/parts falling on worker while assembling or disassembling equipment, (4) Electrocution by equipment (crane/lifting equipment/boom/dump truck) contacting wire. For example, lifting equipment, such as a crane or forklift, contacting an overhead electric line resulting in the electrocution of the worker, who falls to the ground, (5) Lifting operations; that is, failure of equipment, inappropriate lifting, and all loading and unloading by crane operations except electrocution (includes objects falling and striking victim during lifting operation), (6) Unloading-loading equipment/material (except by CONSTRUCTION EQUIPMENT AND VEHICLE ACCIDENTS IN TURKEY crane); that includes slipping and tipping over of construction equipment/material while loading and unloading, (7) Material falls, especially rock, on the equipment while excavation.
Since the classification of the 509 incidents was performed from the point of view of the exact and broad definitions given above, the results presented in the next section may be easily understood and interpreted.
Results
Evaluation of the investigated data reveals that for this industry, and not only for fatalities but also for non-fatal cases, traffic accidents and construction equipment related injuries are the leading causes after falls, electrocutions and injuries by falling objects. According to the analysis of the records, for fatal cases, heavy equipment accidents rank third, while traffic accidents rank fourth as the main cause of injuries in construction. For non-fatal cases they rank respectively sixth and fourteenth. Due to their high ranking for fatal cases, they require more attention (Table 2) . Since, as mentioned before, there is a tendency to notify solely the fatal occupational accidents in developing countries including Turkey; researchers should orient themselves towards fatal cases for more realistic analyses. Moreover, non-fatal cases require more attention when a more concise analysis is trying to be made. As depicted in Table 2 , the relatively low number of nonfatal cases, not only for traffic and construction equipment accidents but also for other causes, shows the problem of insufficient data for non-fatal injuries.
For the improvement of safety conditions and measures to overcome the hazardous atmosphere for construction workers on sites, safety professionals need more detailed analyses.
Analysis of accident data by ways of occurrence
Heavy equipment accidents and traffic accidents on construction sites have the characteristics revealed in Table 3 and Table 4 . Here, highway vehicles refer to the vehicles that have no relation with construction projects; for example automobiles, buses passing by on the highway, which crush or run over a highway or channel project worker. However, on site, trucks or other motor vehicles are classified as manoeuvring vehicles; and this classification does not include heavy equipment. For simplicity, in row 1, 3, 6 and 7, the terms "vehicle" and "construction equipment" are separated with a "/" sign; the first one only relating to the traffic accidents while the second one only to the equipment cases.
If construction equipment cases are taken into focus, it can be seen that "construction equipment fall-over" lead all other causes in number of fatal injuries (71 cases or 34.5 percent of total fatalities), followed by "crushed/runover by construction equipment" (40 cases or 19.4 percent), "caught between equipment elements" (30 cases or 18.4 percent) and "electric shock by contacting high voltage electric lines" (35 cases or 17 percent). In Table 4 , non-fatal cases reveal a similar ranking; but for non-fatal cases "crushed/run-over by highway vehicle/construction equipment" lead all other ways of occurrence (39 cases or 40.2 percent), followed by "construction equipment fall-over" (32 cases or 33.0 percent), "caught between equipment elements" (16 cases or 16.5 percent) and "electric shock by contacting high voltage electric lines" (4 cases or 4.1 percent).
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Industrial Health 2008, 46, 375-388 For traffic accidents, the ranking and the figures are different. The most prominent cause of fatalities is "crushed/run-over by highway vehicle" (46 cases or 26.4 percent) and the number of other ways of occurrences and their percentages are very close to each other. It can be said that "crushed/run-over by highway vehicle" lead all other causes. However, unlike construction equipment cases, there are no dramatic differences between other causes.
From the data, it is not possible to classify vehicle collision with pedestrians separately as crashes and runovers. Narrative texts by witnesses or hospital reports exist in some insurance claims; but they are not sufficient for commenting on all cases. Due to this deficiency, these cases are classified into one group.
Analysis of accident data by occupation
Another classification is performed according to the occupations of the victims as seen in Tables 5 and 6 . From the figures in the tables, certain remarks can be made. Unskilled labourers were victims of 52.3% of all fatal accidents; and 61.3% of traffic accidents on sites caused their deaths, while 32.6% of heavy equipment accidents on sites were fatal.
29.1% of the total 206 victims of construction equipment accidents are unskilled labourers, while the figure for non-fatal cases is 34.0 %. From the data, it is seen that the unskilled workers were the victims of 15 nonfatal traffic accidents; and this figure is very low compared with the fatal cases. Here again, the lack of sufficient data (or unrecorded incidents) for accidents that have a consequence of low severity is misleading and prevents researchers from making concrete interpretations. For craftsmen, the risk of being exposed to traffic accidents seems very low. As it can be seen in the tables, although craftsmen are the victims of 25.1% of all fatal cases, they are exposed to only 3.6 % of fatal traffic accidents. Additionally, six of 602 (1.0%) fatal cases are caused by traffic accidents.
A total of 97 fatal and 57 non-fatal cases were detected for heavy construction equipment operators from the files examined, but respectively only 11 and 1 of them were caused by traffic accidents. The last two columns of Tables 5 and 6 , point out the high risk of death for the two types of accidents possible for heavy equipment operators.
Due to the resemblance of their activities and for simplicity, co-operators and co-drivers are presented in the same row in Tables 5 and 6 . However, the analysis is performed separately. For instance, co-operators and co-drivers are victims of 3.3 % of all fatal cases in total; however, 8.3% of traffic accidents on sites result in the death of a member of a group of co-drivers while 23.8% of cooperators or other operators are exposed to fatal construction equipment accidents. Especially, when aiding a manoeuvring vehicle at hazardous places where no proper lighting exists or in confined spaces where movement of a vehicle is difficult, they are exposed to the risk of figure, 10 .8% of this group is injured fatally by a traffic accident on site. The personnel in this group make many trips on the site due to their control and supervision activities, and walk on site roads that have motor vehicle traffic. Moreover, workers who flag or direct traffic are exposed to the risk of being struck by a vehicle or equipment especially in confined areas. Most of the superintendent and auxiliary staff deaths resulting from crushes are caused by run-overs by a motor vehicle, which may be either a highway vehicle, manoeuvring vehicle or a vehicle entering the site. The same characteristics are also true for construction equipment cases. In the technical personnel category, engineers, architects and technicians are included. These groups of employees have a relatively lower risk of being exposed to traffic accidents or construction equipment incidents.
Analysis of accidents which drivers and equipment operators are exposed to
Focusing on the occupations of drivers, equipment operators, other operators and co-drivers, it is obviously seen that employees from these types of occupations are not only exposed to traffic accidents or equipment related incidents, but also to other types of accidents such as falling objects or electrocution. Here, "electrocution" refers to an accident, in which an employee is exposed to an electric current individually. It is different from "equipment contact with high voltage electric lines". In the analysis, these two kinds of electrocutions are given separately. Table 7 shows the other types of accidents which drivers, equipment operators, other operators and co-drivers are exposed to. It is easier to interpret the hazardous conditions for the mentioned three occupations using this table.
Analysis shows that for drivers, the percent of fatal injuries resulting from traffic incidents is high. The figures for drivers indicate that 28.6% of fatal injuries result from traffic incidents. From the investigated files, it was observed that in two cases, motor vehicles hit drivers while they were getting off their vehicles. In three cases, drivers were crashed into by a manoeuvring motor vehicle, while walking. Other cases are five vehicle rollovers and two cases of collision with another motor vehicle. These results indicate the importance of a site traffic plan preparation. Pedestrians, regardless of their occupation, are under the risk of a traffic accident on construction sites. However, another notable point for drivers is the high percentage of construction equipment cases that ranks first. In these cases, the motor vehicles travel in close proximity to the working mobile equipment such as dump trucks, dozers, hydraulic excavators and stationary equipment such as cranes. The consequence in these kinds of situations is crush or run-over by construction equipment and in some cases material falls (rocks etc.) on the vehicle caused by incorrect operation of the equipment. These cases are carefully distinguished from traffic accidents and taken into account as equipment accidents. 7 of 10 cases in the group of "other or unspecified type" could not be specified from the files and narrative texts; so, they were included in this group. The accident types "caught between parts of a machine" and "caught between/crushed under material (a part of body)" have the same numbers and rank second. A great majority of these cases occurred during maintenance or repair of the company owned vehicle in the garages of the construction site; and these cases were not severe accidents. Traffic-caused fatalities are 11.3% of all fatal cases for heavy construction equipment operators, and rank second as for the risk for fatality. On the other hand, with a percentage of 57.7, construction equipment caused fatalities rank first. Another important cause is falling objects and it ranks third. There were a wide variety of situations in which this type of event occurred; and no typical pattern was evident for other occupations. Of course, there are exceptional cases; however, for operators the typical pattern occurred during excavation of hard soil on inclined surfaces and loading operations. These types of events also pose a risk for the co-operators and again rank third. The rates of the events and their ranks for operators and co-operators are very similar not only for fatal cases but also for non-fatal accidents. On the other hand, Table 7 also shows another hazardous environment for operators as well as co-operators if the non-fatal accidents are investigated in detail. "Caught between materials" or "crushed under material" is a typical event for both occupations and rank first, with rates of 40.4% and 28.0% respectively. Although these types of events do not cause fatal injuries, figures and on-site observations indicate the risks during loading operations.
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Analysis of accident data by type of construction site
The distribution of the traffic and equipment accidents according to the different types of construction sites are presented in Tables 8 and 9 . From the results depicted in the tables, certain points require more attention. The order of importance of the traffic accidents reveals that railway and highway works are the most hazardous sites for workers. For railways in Turkey, it should be stated that for many years, no new investments have been made and the only work executed are maintenance or repair projects.
The proportion of railway sites in total fatal injuries is only 1.1%, while it is 12.5% in all fatal traffic accidents. Moreover, 80.8% of fatal injuries on these sites result from crushes or run-overs by train. The State Railway Authority (General Directorate of Turkish State Railways) performs the maintenance or repair projects and trains are also operated and owned by this authority. For these incidents, it is noted that, lack of proper communication between moving train operators (and officials responsible for trips) and project managers is the main cause of fatalities. The highest number of fatal motor vehicle incidents occurs during highway construction; 42.9% of all traffic accidents occur in highway work zones. However, the proportion of these incidents in highway work zones is 31.7% and comes after heavy construction equipment cases (39.6%). Table 8 show, the vast majority of the construction equipment accidents occur in highway work zones (43.7%) and in these sites the most dangerous activity is performed by heavy equipment; and 39.6% of all fatalities occurred while excavating, loading and compacting soil. On the other hand, dam construction sites, in which heavy equipment are widely used, are also hazardous for construction equipment activities. 9.2% of all fatal construction equipment related fatalities (ranking fourth) occurred at dam sites. Moreover, 22.4% of fatal cases are observed in this construction environment, ranking second. After highway work zones, the highest number of fatal construction equipment incidents occur at constructions on shore; 25.0% of all fatal cases occur at port construction sites. Although the other types of construction activities have a great proportion in fatal equipment cases, it is difficult to aggregate these investigated files into a group. It is also difficult to determine the type of construction activity from the narrative texts and documents that exist in some of the investigated files.
As the Figures in
Although the classifications for non-fatal cases were often subjective due to lack of precise information or conflicting information (especially for compensation issues in non-fatal injuries), the following results for 135 non-fatal events can be given: (1) highway work zones rank first for both accident causes (39.5% and 34.0% respectively); (2) building sites rank second and other types of accidents are distributed almost equally; (3) as in fatal cases, the proportion of construction equipment caused injuries at dam construction sites in total non-fatal events (9.9%) points out the hazardous atmosphere of the working conditions at those sites;(4); another notable point for equipment cases is the relatively high proportion of the demolition works (9.1%), as shown in the last column of Table 9 .
Discussion
In the Turkish construction industry, safety culture among workers and engineers seems non-existent. Adequate importance is not given to safety management; and mostly, safety management practices are perceived as an extra cost item for construction projects. Not only among unskilled workers but also among civil engineers, it is observed that training and knowledge on legislation of occupational safety and health is very unsatisfactory. As mentioned in previous research, more than half of the interviewed civil engineers are uninformed about current legislation and their legal responsibilities 31) . Moreover, government inspections are insufficient. According to the official statistics, there are 777,177 registered job sites in Turkey and 90,130 of those are construction sites 32) . If "ideal" conditions exist, with the total number of 294 existing government inspectors for all industrial branches, approximately only 10% of the job sites can be controlled per year. Occupational safety and health legislation in Turkey is very comprehensive but on the other hand, it is not systematically arranged. There are many laws in existence, as well as regulations and by-laws in a disorganised manner. Moreover, for traffic and construction equipment accidents on construction job sites, there is no regulation or guideline to focus on the hazards for workers. By taking into account the characteristics of the industry, results presented in this paper can be discussed more properly. Some critical findings found in this research should be discussed to shed light on further researches.
Traffic accident fatalities for unskilled workers are alerting
This is true for all types of accidents; however, the figure especially for traffic accidents is a striking fact that has to be immediately focused on. The unskilled workers are exposed to 52.3% of all fatal and 50.6% of all non-fatal accidents, whereas 61.3% of the fatal traffic accidents result in death of unskilled workers. In the Turkish construction industry, most unskilled labourers come from rural areas and many of them are part of a cheap temporary labour force. Therefore, unskilled labourers are routinely employed in skilled positions. It can be understood that fatalities are caused by the negligence of basic and ordinary safety measures, carelessness and absentmindedness of the workers, low level of training and consciousness of the workers as well as site engineers, or poor traffic organization levels on construction sites.
On the other hand, unskilled labourers have a higher risk of being exposed to not only traffic accidents but also construction equipment accidents because of the location of their activities. They walk or carry material on roads open to traffic; and often, they travel (between different working areas or between material stores and construction site) on trucks in unsafe conditions. It is obvious that the main cause of falling from moving vehicles, falling from moving vehicles while getting on/off and motor vehicle rollovers is that workers travel in trucks without any safety precautions. Better surveillance and prevention efforts along with proper site traffic plans are urgently needed to be implemented on construction sites.
Fall-over is the most prominent cause of construction equipment accidents
Construction equipment fall-overs or overturns require emphasis. In some related studies 33, 34) on compactors and forklifts, the importance of the hazards is explained. Our investigation and these studies suggest that the highest overturn hazard locations were along roadway or embankment edges. However, review of the files points out that, not only compactors and forklifts but nearly all kinds of equipments are exposed to fall-overs. In Table  3 , which shows the ways of occurrence of fatal incidences, 34.5% of the construction equipment fatalities result from fall-overs. The figure for the non-fatal cases is also high (33.0%); and both of the figures rank first in fatal cases. On the other hand, fatal accidents caused by fall-overs rank fourth for traffic accidents, with a percentage of 10.1. In other words, 374 fatal and 135 nonfatal traffic and equipment accidents were examined; and a great majority of these accidents, that is, 88 fatal and 32 non fatal cases, are caused by fall-overs. Stopping these types of occurrences means reducing injuries on construction sites dramatically. On the other hand, there is evidently an alert for the Turkish construction industry with respect to the hazard of operating construction equipment on slopes. The dangers of sliding and/or tipping on steep slopes exist regardless of how heavy or stable the vehicle may appear to be. Wearing a seatbelt on a mobile construction equipment which is equipped with an rollover protective structure, avoiding the operation when a machine very close to an overhang, deep ditch or hole and finally travelling very slowly over rough terrain are some of the safety measures against these types of accidents. The facts mentioned above are also true for motor vehicles other than heavy equipment regarding the proportion of fall-overs in traffic accidents on sites.
Four ways of occurrence characterize construction equipment accidents
It is obviously seen in Tables 3 and 4 that fall-overs, crushed or run-over by heavy equipment, caught between heavy equipment elements and contacting electric lines share a big proportion of the accidents not only for fatal cases but also non-fatal cases. These four leading causes comprise 89.3% and 93.8% of total fatal and non-fatal cases, respectively. This fact may be a starting point for safety managers in Turkey to implement safety rules to prevent or at least mitigate the consequences of equipment accidents.
Many examples may be given to show the ways of occurrence of heavy equipment cases. However, to prevent similar fatalities, recommended measures do not differ. Firstly, employers should ensure that equipment operators are trained to check work areas for possible presence of pedestrians in the machine's path before changing the direction of travel. The construction workers should know that passengers are not permitted to ride on rollers or similar mobile equipment. They have to ensure that operators are instructed to stand clear of heavy equipment that is manoeuvring in a work zone. Heavy equipment operators who must manoeuvre equipment with lim-ited visibility in the direction of travel should utilize an employee to signal the operator from a safe distance. They must be careful that workers remain clear of moving equipment and that only those workers necessary for the job at hand be in the area. Another important point is the design of heavy equipment and other vehicles on sites. These vehicles should be, when feasible, equipped with devices for visualizing or sensing the presence of humans or obstacles that are in the path of travel or should warn the operators/drivers for the personnel in the blind spots of mobile equipment or motor vehicles. These facts are also important to eliminate most common types of crane accidents, which involve the crane being exposed to electrical power lines. The safety plan to enforce these measures will decrease the crushed/run-over by equipments on sites. On the other hand, the ways of occurrence in the form of caught between equipment elements may be easily prevented by keeping workers outside the hydraulic excavator swing areas and clear of attachments when using the machines for hoisting materials or not allowing workers to stand under suspended loads or suspended machine components such as the boom, arm, or bucket. Moreover, these types of accidents mostly occur during maintenance or repair job and therefore not only operators, co-operators or drivers but also mechanics at the garage of the site should clearly identify and label all machine controls and make sure that the manufacturers' safety features are working. They should install and maintain equipment attachments and their operating systems according to the manufacturers' specifications. Safety engineers have to make frequent visual inspections of quick-disconnect systems, especially after changing attachments as explained by NIOSH 35) in detail.
Crushed or run-over by motor vehicle is the leading cause of traffic accidents, but no way of occurrence characterizes the traffic accidents
Unlike construction equipment cases, there are no dramatic differences between the ways of occurrence figures for the traffic accidents, especially for fatal cases. The figures for fatalities reflect similar distribution of the ways of occurrences. On the other hand, because of unreported accidents for non-fatal cases, for motor vehicle fallovers, falls from vehicles and for other ways of occurrence, lack of sufficient data hinders reliable interpretations. These ways of occurrence that lead to non-fatal injuries point out the extremely important feature of the insufficient official recording system in Turkey. Unfortunately, if the consequence of an accident is not the death of a worker, i.e. if the accident's severity is low, the official records are not prepared carefully or satisfactorily; and this manner of recording leads to disadvantageous situations for workers while claiming compensation through juridical processes.
A big proportion of traffic and construction equipmentcaused fatal and non-fatal cases occur at highway construction sites
As seen in Tables 8 and 9 , 42.9% of traffic accidentcaused fatalities are observed at highway work sites, while the figure is 43.7% for construction equipment cases. The percentages are similar for non-fatal cases (39.5% and 34.0%, respectively). By taking these figures into account, the peculiarity of the highway projects, i.e. their work zone properties attract attention. Highway workers usually work in close proximity to construction equipment and moving traffic. Flaggers and other workers on foot are exposed to the risk of being struck by traffic vehicles or construction equipment if they are not visible to motorists or equipment operators. Workers, who operate construction vehicles or equipment, face the risk of being injured due to overturn, collision, or being caught in running equipment. Highway workers, regardless of their assigned task, work in low lighting, low visibility, and inclement weather; and may work in congested areas with exposure to high traffic volumes and speeds. They are at risk of injury from passing traffic vehicles, injury from construction equipment operating inside the work zone and in ancillary areas that support the work zone (e.g., temporary batch plants), construction vehicles operating inside work zone, as well as construction vehicles entering and leaving the work zone 36) . Maintenance, repair or widening works take place mostly on the crossroads of existing highways. Moreover, in order to meet the new demands of traffic intensity, existing roads are improved, that is construction takes place along the existing road.
As mentioned before, construction workers in Turkey have the lowest level of education in the labour force; and their training before or during the construction projects are not satisfactory. The number of fatalities resulting from the incidents of falling from moving vehicle while getting on/off indicates the lack of training mentioned before. Many times, construction workers travel in the work zone or on longer distances on trucks carrying excavated soil or aggregate. When the truck suddenly stops or when it is moving through rough terrain, workers are exposed to the risk of falling off the vehicle. Indifference of site managers or other technical staff to this hazardous situation reflects the low level of safety awareness in the construction industry 28) .
The safety measures against traffic and equipment accidents, especially at highway work zones, are explained in detail in many codes of practices. A comprehensive guide for safety applications is presented by Platt et al. 37) , operative protective structures are explained by the Occupational Safety and Health Service of New Zealand 38) ; and recommended practices are prepared by the Society of Automotive Engineers (SAE) 39) . Safety measures for specific equipments can be found at the electronic library of National Institute for Occupational safety and Health of USA web site 40) or in the book written by Church 41) .
Many codes of practices around the world for safe construction equipment usage can be found easily. However, the primary crucial point is the way of application of these codes into practice at highway work zones; and it is important to improve the level of training or consciousness of operators, drivers and co-operators. Although people from these occupations are the victims in most of the traffic and equipment cases, they are also responsible (or perpetrators in judicial terms) in the occurrence of these incidences.
Researchers should be aware of the lack of data when dealing with statistics
Motor vehicle and construction equipment accident analyses and safety efforts for prevention and mitigation of these types of accidents should firstly take into account fatal incidents. The tendency to report only the fatal occupational accidents or more severe injuries requiring medical intervention hinders reliable interpretations. On the other hand, according to the labour laws in Turkey, the employer is obliged to notify the Social Security Office just before an employee starts to work. However, in the construction sector, a worker can be employed even before "the paperwork" has been completed. Employers misuse this legal gap, and initiate legal insurance procedure on the day the accident occurs 2) . If this is the case, then it may be suggested that since there are thousands of workers in the construction sector, working without insurance and as they are not recorded officially, not only for motor vehicle or equipment accidents but also for all types of construction accidents, statistics cannot be accurate.
Conclusion
In the cases observed, it is obvious that fatalities are resulting from the negligence of basic safety measures. As a conclusion, induced from actual results and analysis of the accident facts, some certain suggestions have to be made for equipment operators as well as site workers to prevent fatalities on construction sites. The most prominent points that should be emphasized according to the actual results and analysis of the accident facts are given below: (1) Training of operators for proper use of the equipment they are assigned to operate is very important. Moreover, group of personnel who are responsible for the traffic plan should be trained and they have to observe, inspect and warn the construction workers during operations such as lifting, loading, excavation are performed or when the traffic density inside the site at a high level. (2) Continuous evaluation of safety programs to address changing conditions at the worksite is required. The site workers have to recognize and avoid unsafe conditions and follow required safe work practices revised according to the changing working environment. (3) Not only operators, co-operators or drivers but also mechanics at the garage of the site should clearly identify and label all machine controls and make sure that the manufacturers' safety features are working, and install and maintain equipment attachments and their operating systems according to manufacturers' specifications. (4) All workers on the site have to be aware of the machines' established swing areas and blind spots before the operator turns on the machine. Not only workers but also third parties should be kept on foot outside these areas by marking them with rope, tape or other barriers.
(5) Locking attachments should be securely connected before work begins and operators should have to be instructed to lower the boom to a safe position with the bucket on the ground and turn off the machine before stepping off for any reason, and this should be a routine work. (6) Workers should not be permitted to approach the hydraulic excavator or backhoe loader on foot until they signal the operator to shut down the machine and receive acknowledgments from the operator.
The study points out that, the working atmosphere of Turkish construction sites have been changing to a high level of mechanization and utilization of different kinds of construction equipment have been increasing. This new situation needs to be evaluated and based on the results of this paper or further research, more applicable and comprehensive training programs should be prepared; and risk analysis should be performed in detail according to the changing working environment. In addition, certification of employers in such programs should be obligatory before the work commences at construction sites. It can be concluded that with these efforts, important development will be achieved in prevention loss of human life on construction work zones.
